IMPORTANCE Poor self-regulation in childhood is associated with increased risk of obesity. However, studies have assumed that greater self-regulation is associated with a lower obesity risk and have rarely examined differences in the association by sex.
S elf-regulation is a multidimensional construct involving the integration and modulation of cognitive and emotional processes to support goal-directed and cooperative social behavior.
1,2 Poor self-regulation during childhood is associated with multiple long-term consequences for adult health and functioning, 1,3,4 including obesity, [5] [6] [7] [8] and self-regulation is likely to be shaped early in brain development. 1, 9 The hypothesized mechanisms connecting poor self-regulation to obesity involve physiologic and behavioral responses to environmental demands. This response affects appetite, food intake, sleep, and energy expenditure. 10 Childhood obesity prevention efforts have begun to focus on enhancing self-regulation 11 because self-regulation may be influenced by early intervention 12 and could have benefits beyond obesity prevention.
7
Multiple prospective studies have found an association between poor self-regulation assessed in early childhood and risk of future obesity. 5, [13] [14] [15] [16] [17] In one study, delay of gratification at preschool age was associated with meaningful differences in selfreported body mass index (BMI) 3 decades later, 5 but the sample was small (n = 164) and selected. However, evidence from population-based studies 3, [14] [15] [16] supports the generalizability of the findings. The Dunedin Study 3 reported associations between childhood self-regulation and a composite measure of adult metabolic health that included obesity. Analyses from the US Study of Early Childcare and Youth Development showed that the inability to delay gratification at preschool age was associated with being overweight at age 11 years 15 and greater childhood weight gain. 14 In the UK Millennium Cohort Study, 3-year-old children's poorer emotional self-regulation-as reported by parents-was associated with obesity at age 11 years.
16
Graziano and colleagues 17 used a laboratory protocol to assess multiple aspects of toddlers' self-regulation and found that greater self-regulation was associated with lower BMI at age 10 years. Notwithstanding these findings from observational studies, a recent randomized clinical trial of an intervention among low-income preschool-aged children showed improvements in self-regulation but no effects on obesity.
11
Despite the potential relevance of early self-regulation for later obesity, to date, only 1 large population-based cohort has produced data on observed self-regulation and measured height and weight. 14, 15 The children studied were aged 3 years when self-regulation was first assessed, and the analyses used self-regulation as a binary variable, comparing those with and without low self-regulation. 14, 15 This analytic approach may not reveal patterns of association between self-regulation and obesity that could be relevant for developing interventions. Furthermore, the association between self-regulation and obesity may differ between boys and girls. In the Dunedin Study, adult metabolic health was examined separately for men and women across the entire range of childhood self-regulation, and similar graded associations were found for each sex. 3 However, sex differences in young children's self-regulation have been observed, 18 and it has been suggested that boys and girls potentially differ in how self-regulation is associated with obesity. 14, 19, 20 Using data from the Early Childhood Longitudinal Study, Birth Cohort (ECLS-B), we examined how different levels of toddler self-regulation were associated with the prevalence of obesity at kindergarten age. We also examined whether patterns of associations differed between boys and girls.
Methods

Study Population
The ECLS-B was a large, nationally representative, prospective cohort study conducted by the National Center for Education Statistics (NCES) between 2001 and 2007 . The design of the study has been published. 21 In brief, a probability sample of 14 000 US births in 2001 was selected using a clustered listframe design. Children born to mothers younger than 15 years or who died or were adopted before 9 months of age were excluded. Oversampling of some population subgroups (eg, twins and children with Chinese or American Indian/Native Alaskan ethnicity) was used, and analytic sampling weights allow inference to the US population. The final cohort of 10 700 was formed when the children were approximately 9 months of age, with follow-up assessments at 24 months of age (n = 9850) and preschool age (n = 8750). For budgetary reasons, an 85% random sample was selected for follow-up at 5.5 years of age. Data collection occurred in children's homes and consisted of an interview with the child's mother (or in a few cases, the father or other guardian) and direct assessment of the child. The ECLS-B interviewers conducted assessments in English and Spanish (~7% of visits). If families spoke other languages (~3% of visits), an interpreter was used. 21 All procedures were approved by the NCES Ethics Review Board, and parents provided written informed consent. The Ohio State University has a restricteduse data agreement with the NCES, which requires that unweighted sample sizes be rounded to the nearest 50 children.
Exposure Variable: Self-regulation at 24 Months of Age approximately 30 minutes, also allowed observation of the children's behavior. 22 At the completion of the approximately 2-hour home visit, interviewers rated the children's behavior during the Bayley Short Form-Research Edition using 11 of the 30 items of the Behavior Rating Scales of the Bayley Scales of Infant Development, 2nd edition. 22 The developers of the ECLS-B chose these items to cover a range of behaviors; items were not chosen to form a scale to measure self-regulation or any other construct. 22 However, we selected 4 of these 11 observer-rated aspects of children's behavior that had face validity as measures of toddler self-regulation. Each used a 5-level (1-5) response scale anchored by verbal descriptions. For example, 1 item asked the observer to rate the child's frustration tolerance: "rate the degree to which [CHILD] became frustrated when [he/she] was unable to understand or complete a task" with response options of (1) consistently becomes frustrated, (2) typically becomes frustrated, (3) occasionally becomes frustrated, (4) rarely becomes frustrated, and (5) never becomes frustrated. 22 The other items that we selected asked the observer to rate adaptability ("ability to repeatedly relinquish material used for one Bayley item and accept the material for the next Bayley item"), persistence ("persisted at tasks in attempting to complete them"), and attention ("remained focused on the tasks presented by the interviewer").
22
The internal reliability Cronbach α of these 4 items was 0.85. We created a composite measure of observed toddler selfregulation by summing the ratings. Thus, the lowest selfregulation score was 4 (indicating a child rated as consistently lacking persistence, becoming frustrated, resisting requests to relinquish materials and/or refusing to accept new materials, and being inattentive and consistently off task), and the highest score was 20 (indicating a child who displayed persistence, did not become frustrated, readily exchanged materials, and remained focused). Because the distribution of this self-regulation score was skewed, with few children having very low scores, we grouped children into self-regulation levels based on quartiles. Quartile cut points were determined from the overall distribution to ensure comparability by gender (eg, boys and girls whose self-regulation score was ≤11 were defined as being in the lowest quartile).
Outcome Variable: Obesity at 5.5 Years of Age
With use of a standardized protocol, children's heights were measured with a portable stadiometer and children's weights were measured with a digital scale while they were wearing light clothing and no shoes. 24 We defined children's obesity status at age 5.5 years based on the 2000 US growth reference.
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We calculated BMI (weight in kilograms divided by height in meters squared) and defined obesity as a BMI for age at or above the 95th percentile.
Covariates
Additional variables were selected to describe children's sociodemographic context and to control for potential confounding. Children's birth weight (grams), twin status (yes or no), and sex were abstracted from birth certificates and confirmed in the 9-month interview with the mother. We use the term gender because the primary influences that we examined are more likely to be social (gender) than biologic (sex). 26 At the 9-month interview, mothers were asked whether they had ever breastfed the child and the child's age at weaning. Children's race/ ethnicity was identified by mothers and categorized as described elsewhere. 27 Maternal smoking status was selfreported and categorized as current smoker or not. Maternal obesity was defined as a BMI at or above 30. Mothers reported their height at 9 months and were weighed on a digital scale following a standardized protocol. If maternal weight was missing at 9 months but available at a later assessment, we used the earliest available value. Maternal educational level, household income, and household size were reported at 24 months. The ratio of household income to the 2003 Census Bureau poverty thresholds was calculated.
Statistical Analyses
Data analysis took place between May 2016 and March 2018. Our analytic sample included 6400 children with information available on self-regulation at 24 months of age and measured height and weight at 5.5 years of age. Of the 6950 children assessed at 5.5 years of age, approximately 400 children were excluded for missing self-regulation data, and approximately 200 additional children were excluded for missing data on measured height or weight (eFigure 1 in the Supplement). We compared characteristics of children excluded from the analytic sample with those of children included in the analytic sample, and we assessed group differences using a designcorrected χ 2 test. All analyses used ECLS-B longitudinal sampling weights, which adjust for disproportionate sampling, potential under coverage, and nonresponse. Percentages are weighted to be representative of US births in 2001. Variance estimates account for the complex clustered design of ECLS-B using the SURVEY procedures in SAS, version 9.3 (SAS Institute Inc). We tested whether the pattern of association between self-regulation and obesity was different in boys and girls by using a multivariate F test for the interaction of gender with quartile of self-regulation at 24 months (as a categorical variable) in a logistic regression model. With evidence of statistically significant interaction, we subsequently stratified our analyses by gender. Unadjusted and covariate-adjusted models were estimated, and we report the prevalence (95% CI) of obesity at 5.5 years relative to level of self-regulation at 24 months for boys and girls. All statistical tests were 2-sided, and statistical significance was set at .05.
Results
The 6400 children (3250 [50.6%] boys, 3200 [49.4] girls) in the analytic sample had a median age of 24.1 months (interquartile range, 23.4-24.7 months) and 64.5 months (interquartile range, 61.7-67.6 months) at the self-regulation and BMI assessments, respectively; length of follow-up ranged from 30.3 to 49.1 months (mean, 40.3 months). Sociodemographic characteristics of the sample are described in Table 1 . Children excluded because of missing information were more likely to be boys and were from households with lower socioeconomic status (eTable 1 in the Supplement). The mean self-regulation score was 13.7 (95% CI, 13.4-13.9) among boys and 14.9 (95% CI, 14.7-15.1) among girls. The distribution of self-regulation scores differed for boys and girls ( Figure 1 ). Boys were more likely to have low levels of selfregulation, and girls were more likely to have high levels of selfregulation (66.5% of children in the lowest self-regulation quartile were boys, whereas 41.8% of those in the highest selfregulation quartile were boys) ( Table 1 ). The prevalence of obesity at 5.5 years was higher among boys than among girls (19.2% vs b Self-regulation from interviewer ratings of 4 aspects (adaptability, attention, persistence, and frustration tolerance) of child's behavior during administration of the Bayley Short-form-Research Edition at 24 months; each aspect was rated on a 5-point scale (with lower score indicating less self-regulation and a higher score indicating greater self-regulation).
Composite score (Cronbach α = 0.85) was created as the sum of ratings (minimum score of 4 and maximum score of 20); quartile (Q) definitions were based on the overall distribution of scores (Q1 = 4-11, Q2 = 12-14, Q3 = 15-16, and Q4 = 17-20). All sociodemographic characteristics tabulated were statistically significantly (P < .05) associated with toddler self-regulation (Rao-Scott design-corrected χ 2 ). Column percentages are presented.
c Number of participants with missing information for birth weight, maternal educational level, and maternal smoking was less than 50; 50 participants had missing information for breastfeeding duration; and 200 participants had missing information for maternal obesity. 16.5%). Socioeconomic status was associated in a graded manner with self-regulation and obesity; lower socioeconomic status was associated with lower levels of self-regulation (Table 1) and more obesity ( Table 2) . Maternal smoking, maternal obesity, and nonwhite race/ethnicity were also associated with poorer self-regulation and obesity. Twins and children born at very low birth weights were more likely to have poor self-regulation (Table 1) , but these children were less likely to be obese ( Table 2 ). Relationships of covariates with self-regulation and obesity were similar in both boys and girls (eTables 2-5 in the Supplement). The pattern of association between self-regulation and obesity was different for boys and girls (P = .008 for test of the interaction between gender and self-regulation quartile). Given this evidence of effect modification, our results were stratified by gender. For boys, the prevalence of obesity was lower among those in the highest quartile of self-regulation compared with those in the other 3 quartiles, but this difference was not statistically significant ( Table 3 ). In contrast, among girls, there was a U-shaped association between self-regulation and obesity in girls, with high obesity prevalence in the least (Q1) and most (Q4) self-regulated quartiles and lower prevalence in the middle (Q2, Q3) quartiles (prevalence of obesity in the covariate-adjusted model: 17.0% (95% CI, 12.5%-22.5%) in Q1, 10.3% (95% CI, 7.5%-13.9%) in Q2, 10.7% (95% CI, 7.5%-15.0%) in Q3, 15.0% (95% CI, 10.9%-20.4%) in Q4; P < .001) ( Figure 2 and Table 3) .
Association of Self-regulation With Obesity in Boys vs Girls in a US
Results were robust to alternative analytic specifications. Findings were similar whether using gender-specific values to define quartiles of self-regulation (eTable 6 in the Supplement) or imputing missing covariate data (eTable 7 in the Supplement). The distinctive patterns of association between self-regulation and obesity seen for boys and girls were also present when we analyzed each aspect of self-regulation (adaptability, attention, persistence, and frustration tolerance) (eFigure 2 in the Supplement).
Discussion
We provide evidence from a large, nationally representative cohort of US children that the pattern of association between early self-regulation and later obesity may differ among boys and girls. Self-regulation was observed in a standardized manner at 24 months of age, and height and weight were measured at 5.5 years. We hypothesized that, for both boys and girls, poorer self-regulation would be associated with a higher prevalence of obesity, whereas better self-regulation would be associated with a lower prevalence of obesity. We found that, for girls, the highest prevalence of obesity occurred among girls with the lowest and highest self-regulation scores, whereas the lowest prevalence of obesity occurred among those with scores in the middle. Among boys, obesity prevalence was similar across the lowest and middle quartiles of self-regulation and was only somewhat lower among those in the highest quartile. These findings suggest the possibility that interventions to increase self-regulation in young children might have different results with respect to obesity for girls and boys.
Similar to other researchers, 5,14-17 we found some evidence that children with the lowest levels of self-regulation were more likely to be obese, but the pattern of association between self-regulation and obesity was different between boys and girls. Neither pattern conforms to a clear stepwise decrease in the prevalence of obesity associated with increasing self-regulation. Our most unexpected finding was the high prevalence of obesity among girls at the highest levels of selfregulation. To our knowledge, this U-shaped pattern has not previously been reported and warrants further investigation. In contrast, the pattern among boys suggests little association between the prevalence of obesity in the first 3 quartiles of self-regulation and indicates that obesity prevalence is only somewhat lower among boys with the highest levels of selfregulation. Direct comparison of our findings with the Dunedin Study 3 is not possible because of the considerable differences in the age of assessment and the manner in which exposures and outcomes were measured. The ECLS-B is large and nationally representative, and it includes children across a full spectrum of self-regulation capabilities. Compared with more homogeneous samples, the wide range of self-regulation in this study may have permitted detection of the U-shaped pattern that we observed among girls. Self-regulation is modifiable, 12 and interventions to improve young children's self-regulation have been studied in the context of obesity prevention. 11 In a rigorously designed, cluster-randomized clinical trial conducted in preschool classrooms with children from low-income households, Lumeng and colleagues 11 compared the effect of an obesity prevention curriculum with and without the addition of an intervention (Incredible Years) designed to improve children's self- Violin plots indicate self-regulation at toddler age (24-month assessment) from interviewer ratings of 4 aspects (adaptability, attention, persistence, and frustration tolerance) of the child's behavior during administration of the revised research edition of the Bayley Short-form-Research Edition; each aspect was rated on a 5-point scale (with a lower score indicating less self-regulation and a higher score indicating greater self-regulation). Composite score (Cronbach α = 0.85) was created as the sum of ratings (minimum score of 4 and maximum score of 20). The heavy line indicates median score; darker shading, interquartile range. P < .001 for difference in means by gender.
Research Original Investigation Association of Self-regulation With Obesity in Boys vs Girls in a US National Sample regulation. The trial did not demonstrate effects on the children's weight, activity, or diet. 11 However, it was conducted over a short time frame and was not designed to assess associations between obesity and the Incredible Years intervention alone. Furthermore, although the intervention was successful in increasing children's self-regulation, it is possible that teachers' reporting was influenced by their involvement in delivering the intervention. Thus, the negative results should not preclude additional investigations. We found in this national US sample that the distribution of self-regulation differed between girls and boys ( Figure 1) , with girls more likely to exhibit behaviors characteristic of good self-regulation and boys more likely to exhibit behaviors characteristic of poor self-regulation. In a smaller sample, other in- vestigators showed similar differences in self-regulation between toddler boys and girls observed in a laboratory setting across a variety of self-regulation measures. 18 It is not possible to determine from our data whether observers' appraisals were influenced by gendered expectations of behavior in young children. Nevertheless, boys and girls received ratings across the full distribution of self-regulation scores, and the mean scores differed by only 1.2 units. Our findings raise questions about whether and how gender is associated with the development of self-regulation. In the United States, many parents and caregivers, whether consciously or not, expect and value different behaviors from boys and girls. Behavior associated with poor self-regulation, such as inattention and expressed frustration, may be accepted more readily in a toddler boy than a toddler girl. Similarly, girls may be rewarded more than boys for behaviors characteristic of better self-regulation. Compared with boys, young girls may be under greater social expectations to exhibit better selfregulation even if the biologic potential for self-regulation is similar between the sexes at this age. When social expectations exceed their capabilities, some girls may experience stress. This stress might result in differences in energy balance and metabolism between girls and boys, especially in the group observed to have high self-regulation. Our results should provide some caution against the assumption that the highest levels of self-regulation lead to optimal outcomes for both genders or in all contexts.
Strengths and Limitations
There are both strengths and weaknesses to our assessment of self-regulation in this study that reflect the challenges and 
Boys Girls
Estimates are least squares means from gender-stratified, covariate-adjusted models (n = 6150). Error bars are ±1 SE self-regulation at toddler age (24-month assessment) from interviewer ratings of 4 aspects (adaptability, attention, persistence, and frustration tolerance) of the child's behavior during administration of the Bayley Short-form-Research Edition; each aspect was rated on a 5-point scale (with a lower score indicating less self-regulation and a higher score indicating greater self-regulation). The y-axis is the predicted prevalence of obesity at age 5.5 years. The x-axis is the quartile of self-regulation. Composite score (Cronbach α = 0.85) was created as the sum of ratings (minimum score of 4 and maximum score of 20). Quartile definitions were based on the overall distribution of scores (Q1 = 4-11, Q2 = 12-14, Q3 = 15-16, and Q4 = 17-20). trade-offs faced by researchers trying to measure this construct. Self-regulation was observed and rated during a standardized, in-home assessment of children's cognitive and motor development. Interviewers were trained and demonstrated reliability, 22 and their observations may be more objective than parent report. Our composite measure of self-regulation had good internal reliability. However, this measure has not been validated. For example, it is not known how this measure relates to laboratory assessments of delay of gratification or other aspects of self-regulation or to caregiver reports of children's self-regulation. Our study has other limitations. First, this is an observational study, and no inferences should be drawn regarding causality. Second, children's behavior may not have been typical on the day that self-regulation was observed. Third, to address potential confounding, we adjusted our analyses for variables related to self-regulation and obesity, but we cannot exclude the possibility of residual confounding. It is also possible, however, that we overadjusted by controlling for socioeconomic factors that influence self-regulation and also influence obesity, in part, through self-regulation. Finally, the children in this study were born in 2001, and it is unknown whether our findings would apply to children born more recently.
Conclusions
In a nationally representative US cohort of young children, the pattern of association between level of self-regulation and the risk of obesity differed between boys and girls. More research is needed to replicate this finding and understand the cause of this difference, particularly as it may relate to different social norms for behavior in girls and boys. Obesity prevention efforts aimed at improving self-regulation may have different results for girls and boys. Role of the Funder/Sponsor: The funders had no role in the design or conduct of the study; collection, management, analysis, and interpretation of the data; and preparation, review, or approval of the manuscript; and decision to submit the manuscript for publication. 24. Najarian M, Snow K, Lennon J, Kinsey S.
Early Childhood Logitudinal Study, Birth Cohort (ECLS), Preschool-Kindergarten 2007 Psychometric
Report (NCES 2010-009 Early Childhood Longitudinal Study -Birth Cohort. Restricted to girls with information on self-regulation at 24 months and measured height and weight at 5.5 years. Sample sizes are rounded to the nearest 50 as required by restricted-use license agreement and may not total due to rounding. *Rounds to zero. Percentages are weighted to be representative of US births in 2001. Variance estimates account for the complex sample design. a Height and weight at age 5.5 years were measured. Obesity defined as ≥95 th percentile of the Centers for Disease Control and Prevention BMI-for-age growth reference. All sociodemographic characteristics tabulated, except for household income-to-poverty ratio (P=.06), were statistically significantly (P<.05) associated with obesity at 5.5 years (Rao-Scott design-corrected Chi-square). Column percentages are presented. b Number of girls with missing information: birth weight, maternal education, maternal smoking, breast feeding duration <50; maternal obesity = 100. eFigure2: Association between toddler adaptability, persistence, attention, and frustration tolerance and obesity prevalence at 5.5 years for boys and girls Early Childhood Longitudinal Study -Birth Cohort. Predicted prevalence of obesity at age 5.5 years (fall 2006 assessment) by rating of toddler adaptability, persistence, attention, and frustration tolerance in boys (gray bars) and girls (black bars); error bars are ±1 standard error. Estimates are least squares means from gender-stratified, covariate-adjusted models (N=6150) [covariates: child age, birth weight, twin status, maternal obesity, maternal smoking, breast feeding duration, race/ethnicity, maternal education, household income-to-poverty ratio]. All statistics account for the complex sample design of ECLS-B. Obesity defined as ≥95 th percentile of the Centers for Disease Control and Prevention BMI-for-age growth reference. Adaptability, persistence, attention, and frustration tolerance assessed at 24 months by interviewer rating of child's behavior during administration of the revised research edition of the Bayley Scales of Infant Development. P values for interactions by gender were all <.15 when tested in statistical models. 
